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(54) Word line driver for a semiconductor memory device 



(57) A memory device utilizing a negatively biased 
word line scheme diverts word line discharge current 
from the negative voltage source during a precharge op- 
eration, thereby reducing voltage fluctuations and cur- 
rent consumption from the negative voltage source. A 
main word line, sub-word line, word line enable signal, 
or other type of word line is coupled to the negative volt- 



age source during a precharge operation. The word line 
is also coupled to a second power supply during the pre- 
charge operation, and then uncoupled from the second 
power supply after most of the word line discharge cur- 
rent has been diverted. The negative voltage source can 
then discharge and maintain the word line at a negative 
bias. 
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Description 

[0001] This application claims priority from Provision- 
al Application No. 60/288,744 , entitled WORD LINE 
DRIVER FOR A SEMICONDUCTOR MEMORY DE- 
VICE, filed on May 4, 2001, by the same inventors of 
the present application, the contents of which are herein 
incorporated by reference. 

BACKGROUND 

1 . Field of the invention 

[0002] The present invention relates generally to 
semiconductor memory devices, and more particularly, 
to word line driver circuits for semiconductor memory 
devices. 

2. Description of the related art 

[0003] Fig. 1 illustrates a memory cell in a typical 
DRAM memory device. The refresh time of this memory 
cell is degraded by two major types of leakage current: 
l t which is the junction leakage current caused by de- 
fects at the junction boundary of transistor M1 ; and l 2 
which is the channel leakage caused by sub-threshold 
current flowing through transistor M 1 . The junction leak- 
age current l 1 can be reduced by decreasing the chan- 
nel implantation dose, but this causes l 2 to increase. 
Similarly, the sub-threshold current l 2 can be reduced 
by increasing the threshold voltage Vth of M1, but this 
causes l 1 to increase. 

[0004] A negatively biased word line scheme has 
been devised to reduce both the junction leakage cur- 
rent and the channel leakage current in the same time. 
A memory device employing a negative word line 
scheme applies a negative voltage Vbb (typically -0.4 to 
-0.5 Volts) to the word lines of non-selected memory 
cells. The implementation of negatively biased word line 
schemes, however, present numerous problems. First, 
a large negative voltage source is required to handle the 
high discharge currents that are generated when a word 
line is discharge from Vpp or Vdd to Vbb during a pre- 
charge operation. These discharge currents also tend 
to cause voltage fluctuations in Vbb. The current re- 
quired to operate the word line control circuitry places 
additional demands on the negative voltage source. 
Thus, the negative voltage source tends to take up a 
large amount of space in a memory device. Second, 
conventional negative word line schemes require com- 
plex implementations that typically carry a chip area 
penalty because one negative word line driver is re- 
quired per word line. Moreover, it is difficult to implement 
a negative voltage converter within a word line driver 
pitch. 



SUMMARY 

[0005] A negative word line drive scheme in accord- 
ance with the present invention diverts word line dis- 
5 charge current away from the negative voltage source 
during a precharge operation. 

[0006] One aspect of the present invention is a meth- 
od for discharging a word line comprising: coupling the 
word line to a first power supply; and diverting current 
io from the word line to a second power supply. 

[0007] Another aspect of the present invention is a 
semiconductor memory device comprising: a word line; 
and a word line driver circuit coupled to the word line 
and adapted to couple the word line to a first power sup- 
's pfy during a precharge operation; wherein the word line 
driver circuit is adapted to divert word line discharge cur- 
rent to a second power supply during the precharge op- 
eration. 

[0008] A further aspect of the present invention is a 
20 semiconductor memory device comprising: a word line; 
means for coupling the word line to a first power supply 
during a precharge operation; and means for diverting 
current from the word line to a second power supply dur- 
ing the precharge operation. 
25 [0009] These and other aspects of the present inven- 
tion are disclosed and claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

30 [0010] Fig. 1 illustrates a prior art memory cell in a 
DRAM memory device. 

[001 1 ] Fig. 2 illustrates the core structure of a prior art 
DRAM device utilizing a main word line driver scheme. 
[001 2] Fig. 3 is a schematic diagram of a prior art word 

35 Hne driver. 

[0013] Fig. 4 illustrates a first embodiment of a mem- 
ory device in accordance with the present invention. 
[0014] Fig. 5 illustrates a second embodiment of a 
memory device in accordance with the present inven- 

40 tion. 

[001 5] Fig. 6 illustrates a third embodiment of a mem- 
ory device in accordance with the present invention. 
[0016] Fig. 7 illustrates the core structure of a prior art 
DRAM device utilizing a sub-word line driver scheme. 
45 [0017] Fig. 8 is a schematic diagram of a prior art 
NMOS sub-word line driver. 

[001 8] Fig. 9 is a timing diagram illustrating one cycle 
of the operation of the NMOS-type sub-word line driver 
of Fig. 8. 

so [0019] Fig. 10 is a schematic diagram of a prior art 
CMOS sub-word line driver. 

[0020] Fig. 1 1 is a timing diagram illustrating one cycle 
of the operation of the CMOS-type sub-word line driver 
of Fig. 10. 

55 [0021] Fig. 12 is a schematic diagram of a prior art 
PXID generator. 

[0022] Fig. 13 is a schematic diagram of a prior art 
WEI generator. 
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[0023] Fig. 14 illustrates a prior art arrangement of an 
NMOS sub-word line driver circuit, a PXID generator, 
and WEI driver. 

[0024] Fig. 15 illustrates a prior art arrangement of a 
CMOS sub-word line driver circuit, a PXID generator, 5 
and WEI driver. 

[0025] Fig. 16 illustrates a fourth embodiment of a 
memory device in accordance with the present inven- 
tion. 

[0026] Fig. 1 7 illustrates a fifth embodiment of a mem- 
ory device in accordance with the present invention. 
[0027] Fig. 18 illustrates a sixth embodiment of a 
memory device in accordance with the present inven- 
tion. 

[0028] Fig. 19 illustrates a seventh embodiment of a 
memory device in accordance with the present inven- 
tion. 

DETAILED DESCRIPTION 

Main Word Line Driver Scheme 

[0029] Fig. 2 illustrates the core structure of a prior art 
DRAM device utilizing a main word line driver scheme. 
The core structure shown in Fig. 2 includes memory cell 
arrays 12, sense amplifier blocks 14, and main row de- 
coders 16. Within each memory cell array 12, are indi- 
vidual memory cells MC, each having a cell transistor 
and cell capacitor located at the intersection of a bit line 
BL7BLB and a main word line WL. The word lines WL 
for non-selected memory cells are held at the power 
supply ground voltage Vss. When a memory cell MC is 
accessed (for example, during a read operation) the cor- 
responding word line is typically driven to a boosted volt- 
age Vpp which turns on the access transistor and allows 
a sense amplifier in the sense amplifier block 14 to 
sense the state of the cell capacitor through bit lines BU 
BLB. 

[0030] Because each of the main word lines WL is 
coupled to numerous memory cells, they present heavy 
capacitive loads. Therefore, the main row decoders 1 8 
contain word line drivers such as that shown in Fig. 3. 
Here, the word line driver is a simple push-pull stage 
formed from stacked PMOS transistor M1 and NMOS 
transistor M2. The source of M2 is connected to Vss in 
a conventional memory device. During a precharge op- 
eration (after the access of a memory cell is completed), 
large amounts of current flow to Vss through M2 as the 
word line WL is discharged. In a memory device employ- 
ing a negative word line scheme, the source of M2 would 
be connected to the negative power supply Vbb so that 
the word line is maintained at Vbb to reduce leakage in 
the access transistors. However, this causes large dis- 
charge currents to flow to Vbb during a precharge oper- 
ation, thereby causing voltage fluctuations in Vbb and 
other problems. 



Embodiment 1 

[0031 ] Fig. 4 illustrates a first embodiment of a mem- 
ory device in accordance with the present invention. The 
drive circu it shown in Fig. 4 is constructed so that it main- 
tains the word tine WL at Vbb after a precharge opera- 
tion, but diverts most of the word line discharge current 
to Vss, thereby reducing the demand on the negative 
power supply. The drive circuit of Fig. 4 includes a power 
supply keeping circuit (or "keeping circuit") 20 and a 
drive stage 1 8 having a modified driver section 22. The 
keeping circuit 20 includes an NMOS transistor M4 hav- 
ing a channel connected between WL and Vbb, and a 
gate connected to the output of an inverter INV1 , and a 
substrate connected to Vbb. The inverter INV1 is refer- 
enced to Vbb and has an input connected to the word 
line. Inthe modified driver section 22, a diode connected 
NMOS transistor M3 is connected in series with M2. The 
substrates of both M2 and M3 are connected to Vbb. 
The keeping circuit 20 is preferably located on the side 
of the cell array opposite from the rest of the main row 
decoder to save space in the decoder region. 
[0032] A precharge operation in accordance with the 
present invention will now be described with reference 
to Fig. 4. At the end of an access operation, the word 
line WL is at Vpp because transistor M1 is on. The output 
of inverter INV1 is low, transistors M2 and M4 are off, 
and diode-connected transistor M3 does not conduct 
current. When the word line is deactivated in response 
to a changing row address, transistor M1 turns off, M2 
turns on, and discharge current from the word line flows 
to Vss through M2 and M3. That is, word line discharge 
current is diverted to Vss because the word line is cou- 
pled to Vss through M2 and M3 in response to the 
changing address. 

[0033] When the voltage of the word line drops below 
the switching point of INV1, the output of INV1 goes 
high, M4 turns on, and the word line is pulled down to 
Vbb because it is coupled to Vbb through M4 in re- 
sponse to the decreasing voltage of the word line. By 
the time the voltage of the word line drops low enough 
to switch the inverter INV1, most of the discharge cur- 
rent from the word line has already been diverted to Vss, 
so very little current is required to maintain the word line 
at Vbb. 

[0034] The diode-connected transistor M3 prevents 
current from flowing back out of Vss through M2 when 
the keeping circuit is enabled. That is, M3 uncouples the 
word line from Vss in response to the voltage of the word 
line after a substantial amount of word line discharge 
current has been diverted to Vss. The substrates of M2 
and M3 are also connected to Vbb to prevent current 
flow through these transistors when the keeping circuit 
is enabled. 

[0035] An advantage of the arrangement shown in 
Fig. 4 is that it reduces the current consumption from 
the negative voltage source because most of the word 
line discharge current is diverted to Vss. A further ad- 
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vantage is that it minimizes the Vbb current required for 
the word line control circuitry. Yet another advantage is 
that the word line driver circuitry fits within the word line 
pitch. 

Embodiment 2 

[0036] Fig. 5 illustrates a second embodiment of a 
memory device in accordance with the present inven- 
tion. The drive circuit shown in Fig. 5 is different from 
Fig. 4 in that the keeping circuit is eliminated, and the 
modified driver section 24 has further modifications in- 
cluding a large NMOS pull-down transistor M2. The 
source of M2 is connected to Vbb, and the gate of M3 
is connected to the output of the row decoder along with 
the gate of M2. The channel of M4 is connected between 
the drain of M2 and Vss, and the gate of M 4 is connected 
to the word line WL The substrates of M2, M3, and M4 
are all connected to Vbb. Thus, transistor M4 now di- 
verts word line discharge current to Vss by coupling the 
word line to Vss responsive to the word line voltage, pro- 
vided M3 is turned on. Transistor M2 now couples the 
word line to Vbb responsive to row address information. 
[0037] At the end of an access operation, the word 
line is at Vpp, and M4 is on, but no current flows through 
M4 because M2 and M3 are turned off by the row de- 
coder. As the precharge operation begins, M2 and M3 
turn on, but most of the word line discharge current flows 
to Vss through M4 because M4 is much larger than M2. 
When the word line voltage reaches the threshold volt- 
age Vth of M3, the rest of the word line discharge current 
flows through M1 and M2 as WL is pulled down to Vbb. 
[0038] The arrangement shown in Fig. 5 has many of 
the same advantages as that of Fig. 4 with the further 
advantage that the keeping circuit is eliminated, al- 
though the addition of M4 requires more area in the de- 
coder region. 

Embodiment 3 

[0039] Fig. 6 illustrates a third embodiment of a mem- 
ory device in accordance with the present invention. The 
structure and operation of the drive circuit shown in Fig. 
6 are similar to those of Fig. 5, but transistor M3 has 
been moved in series with M4 instead of M2. 

Sub-Word Line Driver Scheme 

[0040] The principles of the present invention dis- 
cussed above with respect to memory devices having a 
main word line scheme can be extended to other types 
of memory devices, including, for example, memory de- 
vices utilizing a sub-word line driver scheme. Fig. 7 il- 
lustrates the core structure of a typical prior art DRAM 
device utilizing a sub-word line driver scheme. This type 
of memory device is disclosed in U.S. Patent Nos. 
5,416,748; 5,596,542; 5,764,585; 5,781,498; and 
5,986,966 but it will be summarized briefly here for con- 



venience. 

[0041] The core structure shown in Fig. 7 includes 
sense amplifier blocks 28, cell arrays 30, sub-word line 
driver blocks 32, and conjunction circuitry 34. Within 
5 each memory cell array 30, are individual memory cells 
MC, each having a cell transistor and cell capacitor lo- 
cated at the intersection of a bit line BL/BLB and a sub- 
word line WL. The sub-word lines WL are driven by sub- 
word line drivers 36 located within sub-word line driver 
blocks 32. Each of the sub-word line drivers 36 is con- 
trolled by one of the word line enable lines WEI from 
main row decoder 38 and a PX line which is a type of 
word line that is distributed throughout the device as de- 
scribed below. 

[0042] Main row decoder 38 generates 64 word line 
enable signals WEI<0:63> in response to the seven up- 
per address bits ADDRESS(2-8). These signals are 
buffered by drivers 39 which are shown outside of the 
decoder 38, but can also be inside the decoder. The 
word line enable signals of Fig. 7 operate in much the 
same manner as the main word lines in Fig. 2, except 
that they are connected to the sub-word line drivers 36 
rather then being connected directly to access transis- 
tors in the memory cells. 

[0043] The remaining word lines PXI<0:3>, however, 
are driven by PXI generators/decoders 42 in response 
to the two lower address bits ADDRESS(0-1 ). These PX 
signals are distributed throughout the memory device 
by word line drive circuitry which is itself distributed 
throughout the device. The PXI lines drive PXID gener- 
ators 40 which are typically located in the conjunction 
circuitry 34. The PXID generators, in turn, drive the PX- 
ID/PXIB lines which are complementary signal lines that 
drive the sub-word line drivers 36. 
[0044] All of the sub-word lines WL are normally pre- 
charged to Vss. When a memory cell is accessed, the 
corresponding word line enable signals WEI and PXID/ 
B signals are activated. This causes the corresponding 
sub-word line driver SWD to drive the corresponding 
sub-word line to Vpp. After the access operation is com- 
plete, the sub-word line driver precharges the sub-word 
line WL to Vss. 

[0045] Distributing the PX lines and word line driver 
circuitry throughout the device allows the memory de- 
vice to operate at higher speeds. 
[0046] Fig. 8 illustrates a typical prior art NMOS-type 
sub-word line driver circuit. The structure and operation 
of this circuit will be described with reference to Figs. 8 
and 9. Before an active operation, all of the signal lines 
shown in Fig. 9 are at Vss except PXIB, which is an ac- 
tive low signal. To begin the active operation, WEI is first 
driven to Vpp. This causes node N1 to switch to Vpp- 
Vth (assuming 100 percent pumping efficiency), where 
Vth is the threshold voltage of M4. Node N1 remains in 
a floating state because the gate-to-source voltage of 
M4 is Vth. A short time later, when PXID is driven to Vpp, 
node N1 is boosted to 2Vpp-Vth (again, assuming 100 
percent pumping efficiency) because of the drain-to- 
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gate coupling capacitance of Mi. PXID then supplies 
sufficient current through M1 for the word line WL to 
reach the Vpp level. 

[0047] During the precharge operation, the timing se- 
quence is reversed, and the word line WL is discharged. 
Most of the word line discharge current flows through 
M1 because the width/length ratio of M1 is much larger 
than that of M2. 

[0048] Fig. 10 illustrates a typical prior art CMOS-type 
sub-word line driver circuit. The structure and operation 
of this circuit will be described with reference to Figs. 1 0 
and 11. In the CMOS implementation, WEIB (the com- 
plement of WEI) is used as the word line enable signal. 
Before an active operation, all of the signal lines shown 
in Fig. 11 are in their inactive states. To being an active 
operation, WEIB switches from Vpp to Vss at the same 
time PXID goes from Vss to Vpp. This causes PXID to 
charge the sub-word line WL to Vpp through M5. 
[0049] During the precharge operation, the timing se- 
quence is reversed, and the word line WL is discharged 
to Vss. During the early party of the precharge opera- 
tion, most of the word line discharge current flows 
through M5 because its width/length ratio is much larger 
than that of M7. When the sub-word line voltage reaches 
the threshold voltage Vth of M5, transistor M5 turns off 
and the remaining discharge current flows through M6 
and M7. 

[0050] The CMOS implementation of the sub-word 
line driver circuit shown in Fig. 1 0 is a simpler circuit 
than that shown in Fig. 8, but the PMOS transistor M5 
takes up extra room because it requires a separate well 
on a semiconductor chip. 

[0051] Fig. 12 is a schematic diagram of a prior art 
PXID generator circuit 40. The circuit of Fig. 12 gener- 
ates the complementary signals PXID and PXIB which 
are typically used to drive the sub-word line driver circuit 
36 in Fig. 7, as well as those in Figs. 8 and 1 0. The volt- 
age swings of PXID and PXIB are typically Vss-to-Vpp 
and Vss-to-Vdd, respectively. Inverter INV3 is usually 
fabricated with large transistor because it supplies the 
most of the charging and discharging current for the sub- 
word lines. 

[0052] Fig. 13 is a schematic diagram of a prior art 
drive circuit 39 used to drive the word lines enable sig- 
nals WEI shown in Fig. 7, which in turn, drive the sub- 
word line driver circuits shown in Figs. 8 and 10. 
[0053] Fig. 1 4 illustrates a prior art arrangement of an 
NMOS sub-word line driver circuit, a PXID generator, 
and WEI driver. The timing sequence shown in Fig. 9 is 
applied to this arrangement to enable and disable the 
sub-word line WL. If the circuitry shown in Fig. 14 is ref- 
erenced to Vbb in an attempt to implement a negatively 
biased word line scheme, excessive current is con- 
sumed from the negative voltage generator. These cur- 
rents are: (i) the word line discharge current during a 
precharge operation, (ii) drive current for the PXI gen- 
erators 42 and the PXID generators 40, and (iii) drive 
current for the WEI drivers 39. These high current com- 



ponents cause fluctuations in the Vbb supply voltage, in 
the word line "low" level, and degrade the cell refresh 
characteristics. 

[0054] Fig. 15 illustrates a prior art arrangement of a 
5 CMOS sub-word line driver circuit, a PXID generator, 
and WEI driver. The timing sequence shown in Fig. 11 
is applied to this arrangement to enable and disable the 
sub-word line WL. Attempts to implement a negatively 
biased word line scheme with the arrangement of Fig. 
15 suffers from the same problems discussed above 
with respect to Fig. 14. 

Embodiment 4 

[0055] Fig. 16 illustrates a fourth embodiment of a 
memory device in accordance with the present inven- 
tion. The arrangement shown in Fig. 16 is in some re- 
spects similar to the NMOS sub-word line driver scheme 
shown in Fig. 1 4, but with the following modifications. 
The common power supply terminal of inverter INV3 in 
PXID generator 40 is connected to Vss through an 
NMOS transistor M5. The gate of M5 is connected to 
the PXID line. The source of M7 is connected to Vbb, 
as is the source of transistor M6 which has its source 
connected to PXID and its gate connected to PXIB. The 
drive stage in WEI driver 39 has a modified driver sec- 
tion 46 that is constructed in the same manner as the 
modified drive section 22 shown in Fig. 4. A keeping cir- 
cuit 44, which is constructed in the same manner as the 
keeping circuit 20 shown in Fig. 4, is connected to the 
word line enable signal WEI. 

[0056] A precharge operation in accordance with the 
present invention will now be described with reference 
to Fig. 16. The same timing sequence shown in Fig. 9 
is applied to the circuit of Fig. 1 6. To begin the precharge 
operation, PXI goes low (i.e., to Vss) which causes node 
N2 and PXIB to go high (i.e., to Vpp). During the early 
part of the precharge operation, PXID remains at Vpp 
due to the large capacitive loading of the sub-word line 
WL. Since PXID discharges slowly, M5 turns on and 
most of the word line discharge current flows to Vss 
through M5 and M8 until the voltage level of PXID reach- 
es the threshold voltage Vth of M5. Therefore, in this 
example, the sub-word line is coupled to Vss and then 
uncoupled from Vss responsive to the voltage of the 
word line. When PXID drops below Vth of M5, transistor 
M5 turns off and the sub-word line WL is further dis- 
charged to Vbb through transistors M6 and M7. When 
the voltage of WL reaches Vbb, M6 and M7 keep the 
WL and PXID lines at Vbb. Thus, most of the word line 
discharge current is diverted from Vbb to Vss 
[0057] Shortly after PXID goes low, the row address 
decoder causes WEI to discharge through M2 and M3 
until WEI reaches the threshold voltage Vth of M3. When 
the voltage of WEI decreases sufficiently to cause the 
output inverter INV1 to go high, transistor M4 turns on 
and further discharges WL to Vbb. The keeping circuit 
44 then keeps WL at Vbb to prevent unwanted current 
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flow back through PXID. Thus, discharge current from 
the word line enable signal WEI Is also diverted to Vss. 
[0058] In a preferred embodiment, the keeping cir- 
cuits 44 are arranged on the opposite side of the array 
30 from the WEI drivers. This makes implementation 
easier because otherwise it is difficult to accommodate 
the keeping circuits in the row decoder region due to the 
small WEI line pitch. 

[0059] As shown in Fig. 1 6, the signal swing of inverter 
INV2 is preferably set to Vss-to-Vdd to eliminate Vbb 
current consumption that would occur if PXIB were driv- 
en all the way down to Vbb. 

[0060] In a preferred embodiment, the threshold volt- 
ages Vth of transistors M6 and M7 are increased to re- 
duce sub-threshold current flow through M6 and M7. 
This can be accomplished by fabricating M6 and M7 us- 
ing the same cell Vth implantation process that is used 
to fabricate the cell access transistors. Thus, the present 
invention can further reduce current consumption from 
the negative voltage supply without requiring additional 
process steps and with a minimum chip area penalty. 
[0061] Transistor M6 is located in the conjunction ar- 
ea on the right-hand side of Fig. 1 6 to save space in the 
conjunction area in which inverters INV2, INV3 and 
INV4 are located. This is convenient because the dual 
PXID lines shown in Fig. 16 are already routed in the 
arrangement shown in Fig. 14. Thus, an advantage of 
the present invention is that it allows an existing memory 
device design to be easily modified in accordance with 
the present invention. 

[0062] As described above, an advantage of the em- 
bodiment shown in Fig. 16 is that it reduces the current 
consumption from the negative voltage source because 
most of the word line discharge current is diverted to 
Vss. A further advantage is that it minimizes the Vbb 
current required for the sub-word line control circuitry. 
Yet another advantage is that timing sequence required 
for the precharge operation does not need to be 
changed. 

Embodiment 5 

[0063] Fig. 1 7 illustrates a fifth embodiment of a mem- 
ory device in accordance with the present invention. The 
arrangement shown in Fig. 17 is similar to the NMOS 
sub-word line driver scheme shown in Fig. 1 6, but the 
diode connected transistor M3 has been removed from 
the drive stage. Instead, NMOS transistor M2 is imple- 
mented using cell Vth implantation, and its source is 
connected directly to Vbb. The keeping circuit is elimi- 
nated. During a precharge operation, when WEI transi- 
tions to the low logic level, WEI is discharged directly to 
Vbb through M2. Because M2 is implemented with cell 
Vth implantation, the row address decoder can still be 
referenced to Vss without causing sub-threshold current 
flow through M2. Although the arrangement shown in 
Fig. 17 couples normal word line discharge current to 
Vbb, the capacitive loading of WEI is relatively low, and 



the embodiment of Fig. 17 has the further advantage 
that it eliminates the need for the keeping circuit. 

Embodiment 6 

5 

[0064] Fig. 18 illustrates a sixth embodiment of a 
memory device in accordance with the present inven- 
tion. The arrangement shown in Fig. 18 employs a 
CMOS sub-word line driver such as that shown in Fig. 
10 15, but the PXID generator 40 has been modified to in- 
clude transistor M5 to uncouple inverter INV3 from Vss 
in accordance with the present invention after most of 
the word line discharge current has been diverted to 
Vss. Transistor M6 has been added to couple the PXID 
15 line to Vbb responsive to PXIB. Also, transistors M6, M7 
and M9 are implemented with cell Vth implantation. 
[0065] The same timing sequence shown in Fig. 1 1 is 
applied to the embodiment of Fig. 18. The PXID gener- 
ator diverts sub- word line discharge current to Vss in the 
20 same manner as the circuit of Fig. 1 6. A further benefit 
of the embodiment of Fig. 1 8, however, is that the word 
line enable signal WEIB is discharged to Vss through 
M2, thereby reducing the current consumption of Vbb. 
The word line enable signal WEIB can be referenced to 
25 Vss because transistors M6, M7 and M9 are implement- 
ed with cell Vth implantation. Thus, the keeping circuit 
is eliminated. The embodiment of Fig. 18 provides a 
compact, easy implementation of a negatively biased 
sub-word line scheme with low Vbb current demand and 
30 minimum chip area penalty. 

Embodiment 7 

[0066] Fig. 19 illustrates a seventh embodiment of a 
35 memory device in accordance with the present inven- 
tion. The arrangement shown in Fig. 19 is in most ways 
similar to the embodiment of Fig. 18, but transistor M6 
has been moved to the conjunction area having the PX- 
ID generator on the left side of the array. This eliminates 
40 the dual PXID lines routed all the way across the sub- 
word line driver (SWD) 32. 

[0067] As a further variation , if the keeping circuit and 
modified WE I driver of Fig. 1 6 are used with either of the 
embodiments of Figs. 18 and 19, then transistors M6, 
45 M7 and M9 can be implemented without the cell Vth im- 
plantation. 

[0068] Having described and illustrated the principles 
of the invention in a preferred embodiment thereof, it 
should be apparent that the invention can be modified 
50 in arrangement and detail without departing from such 
principles. For example, the example embodiments are 
described above in the context of DRAM memory devic- 
es, however, present invention is not limited to DRAM 
word line drivers. As a further example, the embodi- 
es ments described above implement negative biased 
word line schemes. However, negative biased is under- 
stood to mean a potential of opposite polarity from that 
applied to the word line during the active mode. 



25 



6 



11 



EP 1 255 254 A2 



12 



[0069] Also, as described above, during precharge 
operations in accordance with the present invention, 
word lines are coupled to various power supplies in re- 
sponse to changing addresses or specific voltages on 
word lines, but the present invention also contemplates 
that these coupling operations can be performed in re- 
sponse to other stimuli as well. Moreover, word line dis- 
charge current is described as being diverted to a power 
supply other than Vbb. However, in this context, power 
supply refers not only to a voltage source such as Vss, 
but also to any suitable current sink for diverting dis- 
charge current from a word line. 



Claims 

1 . A method for discharging a word line comprising: 



2. A method according to claim 1 wherein coupling 

the word line to the first power supply comprises 25 
coupling the word line to the first power supply re- 
sponsive to a voltage of the word line. 

3. A method according to claim 1 wherein coupling 

the word line to the first power supply comprises 30 
coupling the word line to the first power supply re- 
sponsive to row address information. 

4. A method according to claim 1 wherein the word 
line is a main word line. 35 

5. A method according to claim 4 wherein diverting 
current from the word line to the second power sup- 
ply comprises: 

coupling the word line to the second power sup- 
ply; and 

uncoupling the word line from the second pow- 
er supply after substantial word line discharge 
current has been diverted to the second power 
supply. 

6. A method according to claim 5 wherein coupling 
the word line to the second power supply comprises 
coupling the word line to the second power supply so 
responsive to row address information. 

7. A method according to claim 5 wherein uncou- 
pling the word line from the second power supply 
comprises turning off a diode when a voltage of the 55 
word line reaches a threshold voltage of the diode. 

8. A method according to claim 1 wherein the word 



line is a sub-word line which is driven by a sub-word 
line driver responsive to a word line enable signal 
and a PX line. 



12. A method according to claim 11 wherein the 
word line enable signal is coupled to the first power 
supply through a transistor having the same cell Vth 
implantation process that is used to fabricate cell 
access transistors. 

13. A method according to claim 9 further compris- 
ing diverting current from the word line enable sig- 
nal to a second power supply. 

14. Amethod according to claim 13 wherein current 
is diverted from the word line enable signal to the 
second power supply responsive to row address in- 
formation. 

1 5. A method according to claim 8 wherein diverting 
current from the word line to the second power sup- 
ply comprises: 



16. A method according to claim 1 5 wherein uncou- 
pling the inverter from the second power supply 
comprises uncoupling the inverter responsive to a 
voltage of the PX line. 

17. A method according to claim 8 further compris- 
ing coupling the PX line to the first power supply 
responsive to row address information. 

18. A method for discharging a word line compris- 
ing: 



9. A method according to claim 8 further comprising 
coupling the word line enable signal to the first pow- 
er supply. 
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15 



coupling the word line to a first power supply; 
and 20 
diverting current from the word line to a second 
power supply. 



10. A method according to claim 9 wherein coupling 
the word line enable signal to the first power supply 
comprises coupling the word line enable signal to 
the first power supply responsive to a voltage of the 
word line enable signal. 

1 1 . A method according to claim 9 wherein coupling 
the word line enable signal to the first power supply 
comprises coupling the word line enable signal to 
the first power supply responsive to row address in- 
formation. 



40 driving the PX line with an inverter referenced 

to the second power supply; and 
uncoupling the inverter from the second power 
supply after substantial word line discharge 
current has been diverted to the second power 
45 supply. 
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coupling the word line to a first power supply; 
and 

diverting current from the word line to a second 
power supply responsive to a voltage of the 
word line. 

19. A method according to claim 18 wherein: 

the first power supply is a substrate power sup- 
ply; and 

the second power supply is a ground power 
supply. 

20. A method according to claim 18 wherein: 

the first power supply is a negative power sup- 
ply; and 

the second power supply is a ground power 
supply. 

21. A method for discharging a word line compris- 
ing: 

coupling the word line to a first power supply; 
and 

diverting current from the word line to a second 
power supply responsive to a row address. 

22. A method according to claim 21 wherein: 

the first power supply is a substrate power sup- 
ply; and 

the second power supply is a ground power 
supply. 

23. A method according to claim 21 wherein: 

the first power supply is a negative power sup- 
ply; and 

the second power supply is a ground power 
supply. 

23. A method for discharging a word line compris- 
ing: 

coupling the word line to a first power supply; 
and 

diverting current from the word line to a second 
power supply; 

wherein diverting current from the word line to the 
second power supply comprises: 

coupling the word line to the second power sup- 
ply, and 

uncoupling the word line from the second pow- 
er supply after substantial word line discharge 
current has been diverted to the second power 
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55 



supply. 

24. A method according to claim 23 wherein cou- 
pling the word line to the second power supply com- 
prises coupling the word line to the second power 
supply responsive to a voltage of the word line. 

25. A method according to claim 23 wherein cou- 
pling the word line to the second power supply com- 
prises coupling the word line to the second power 
supply responsive to a row address. 

26. A method for discharging a sub-word line cou- 
pled to a sub -word line driver which is driven by a 
word line enable signal decoded by an upper row 
address and a PX line decoded by a lower row ad- 
dress, the method comprising: 

coupling the sub-word line to a first power sup- 
ply; 

diverting current from the sub-word line to a 
second power supply; and 
coupling the word line enable signal to the first 
power supply. 

27. A method according to claim 26 wherein divert- 
ing current from the sub-word line to the second 
power supply comprises: 

coupling the PX line to the second power supply 
responsive to the lower row address; and 
uncoupling the PX line from the second power 
supply after substantial discharge current has 
been diverted to the second power supply. 

27. A method according to claim 26 further compris- 
ing diverting current from the word line enable sig- 
nal to the second power supply. 

28. A method according to claim 27 wherein divert- 
ing current from the word line enable signal com- 
prises diverting current from the word line enable 
signal responsive to a voltage of the word line ena- 
ble signal. 

29. A method according to claim 27 wherein divert- 
ing current from the word line enable signal com- 
prises diverting current from the word line enable 
signal responsive to the upper row address. 

30. A semiconductor memory device comprising: 
a word line; and 

a word line driver circuit coupled to the word 
line and adapted to couple the word line to a 
first power supply during a precharge opera- 
tion; 
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wherein the word line driver circuit is adapted 
to divert word line discharge current to a second 
power supply during the precharge operation. 

31. A semiconductor memory device according to 
claim 30 wherein: 

the word line is a main word line; and 
the word line driver circuit comprises a drive 
stage coupled to the main word line and adapt- 
ed to divert word line discharge current to the 
second power supply during the precharge op- 
eration. 

32. A semiconductor device according to claim 31 
wherein the word line driver circuit further compris- 
es a power supply keeping circuit coupled to the 
main word line. 



comprises a transistor coupled between the sub- 
word line and the first power supply. 

38. A semiconductor memory device according to 
5 claim 37 wherein the transistor is fabricated with the 

same cell Vth implantation process that is used to 
fabricate celt access transistors. 

39. A semiconductor memory device according to 
io claim 36 wherein the word line driver circuit further 

comprises conjunction circuitry coupled to the sub- 
word line driver and adapted to drive a PXID line 
and a PX1B line responsive to row address informa- 
tion. 

15 

40. A semiconductor memory device according to 
claim 39 wherein the conjunction circuitry compris- 
es: 



33. A semiconductor device according to claim 32 20 
wherein the power supply keeping circuit is ar- 
ranged on a side of a memory array opposite a row 
decoder. 

34. A semiconductor device according to claim 32 25 
wherein: 

the power supply keeping circuit comprises: 

a first transistor coupled between the main 30 
word line and the first power supply, and 
an inverter coupled between the first tran- 
sistor and the main word line; and the drive 
stage comprises: 

a second transistor coupled to the second 35 
power supply, and 

a diode coupled between the second tran- 
sistor and the main word line. 

35. A semiconductor device according to claim 31 *o 
wherein the drive stage comprises: 

a first transistor arranged to couple the main 
word line to the first power supply; and 
a second transistor arranged to divert word line 45 
discharge current to the second power supply. 

36. A semiconductor memory device according to 
claim 30 wherein: 

50 

the word line is a sub-word line; and 
the word line driver circuit comprises a sub- 
word line driver circuit adapted to drive the sub- 
word line responsive to a word line enable sig- 
nal and a PX line. 55 

37. A semiconductor memory device according to 
claim 36 wherein the sub-word line driver circuit 



an inverter coupled to the PXID line and ar- 
ranged to divert discharge current from the sub- 
word line to the second power supply; and 
a transistor coupled between the inverter and 
the second power supply and arranged to un- 
couple the PXID line from the second power 
supply after a substantial amount of discharge 
current has been diverted. 

41. A semiconductor memory device according to 
claim 39 wherein the sub-word line driver circuit 
comprises: 

a first transistor coupled between the PXID line 
and the sub-word line, and arranged to operate 
responsive to the word line enable signal; and 
a second transistor coupled between the sub- 
word line and the first power supply, and ar- 
ranged to operate responsive to the PXIB line. 

42. A semiconductor memory device according to 
claim 41 wherein the conjunction circuitry compris- 
es a third transistor coupled between the PXID line 
and the first power supply, and arranged to operate 
responsive to the PXIB line. 

43. A semiconductor memory device according to 
claim 36 wherein the word line driver circuit further 
comprises a drive stage coupled to the word line 
enable signal. 

44. A semiconductor memory device according to 
claim 43 wherein: 

the drive stage comprises a first transistor cou- 
pled to the second power supply and arranged 
to operate responsive to row address informa- 
tion, and a diode coupled between the first tran- 
sistor and the word line enable signal; and 
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the word line driver circuit further comprises a 
power supply keeping circuit coupled to the 
word line enable signal. 

45. A semiconductor memory device according to 
claim 44 wherein the power supply keeping circuit 
comprises: 



the first power supply is a substrate power sup- 
ply; and 

the second power supply is a ground power 
supply. 

50. A semiconductor memory device according to 
claim 48 wherein: 



a transistor coupled between the word line en- 
able signal and the first power supply; and 
an inverter coupled between the transistor and 
the word line enable signal. 



the first power supply is a negative power sup- 
10 ply; and 

the second power supply is a ground power 
supply. 



46. A semiconductor memory device comprising: 

15 

a plurality of word lines; and 
a plurality of word line driver circuits coupled to 
the word lines and adapted to couple the word 
lines to a first power supply during a precharge 
operation; 20 

wherein the word line driver circuits are adapt- 
ed to divert word line discharge current to a second 
power supply responsive to a voltage of the corre- 
sponding word line during the precharge operation 25 
for each word line. 

47. A semiconductor memory device according to 
claim 46 wherein: 

30 

the first power supply is a substrate power sup- 
ply; and 

the second power supply is a ground power 
supply. 

35 

48. A semiconductor memory device according to 
claim 46 wherein: 

the first power supply is a negative power sup- 
ply; and 40 
the second power supply is a ground power 
supply. 

48. A semiconductor memory device comprising: 

45 

a plurality of word lines; and 
a plurality of word line driver circuits coupled to 
the word lines and adapted to couple the word 
lines to a first power supply during a precharge 
operation; so 

wherein the word line driver circuits are adapt- 
ed to divert word line discharge current to a second 
power supply responsive to a row address during 
the precharge operation for each word line. 5s 

49. A semiconductor memory device according to 
claim 48 wherein: 



51 . A semiconductor memory device comprising: 

a plurality of sub-word lines; 
a plurality of sub-word line drivers coupled to 
the sub-word lines and adapted to couple the 
sub-word lines to a first power supply respon- 
sive to a plurality of word line enable signals 
and a plurality of PX signals during a precharge 
operation; 

a plurality of PX signal generators coupled to 
the plurality of sub- word line drivers and adapt- 
ed to generate the plurality of PX signals re- 
sponsive to a lower row address; and 
a row decoder coupled to the plurality of sub- 
word line drivers and adapted to generate the 
plurality of word line enable signals responsive 
to an upper row address; 

wherein the plurality of PX signal generators 
are adapted to divert sub-word line discharge cur- 
rent to a second power supply responsive to the 
lower row address during the precharge operation 
for each word line. 

52. A semiconductor memory device according to 
claim 51 wherein the row decoder is adapted to di- 
vert word line enable signal discharge current to a 
second power supply responsive to the upper row 
address during the precharge operation for each 
word line. 

53. A semiconductor memory device according to 
claim 52 further comprising a plurality of power sup- 
ply keeping circuits coupled to the word line enable 
signals and adapted to coupled the word line enable 
signals to the first power supply responsive to a volt- 
age of each word line enable signal. 

54. A semiconductor memory device according to 
claim 51 wherein the row decoder is adapted to cou- 
ple the word line enable signals to the first power 
supply responsive to the upper row address during 
the precharge operation for each word line. 

55. A semiconductor memory device comprising: 
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a plurality of sub-word lines; 
a plurality of sub-word line drivers coupled to 
the sub-word lines and adapted to couple the 
sub-word lines to a first power supply respon- 
sive to a plurality of word line enable signals s 
and a plurality of PX signals during a precharge 
operation; 

a plurality of PX signal generators coupled to 
the plurality of sub-word line drivers and adapt- 
ed to generate the plurality of PX signals re- 10 
sponsive to a lower row address; 
a row decoder coupled to the plurality of sub- 
word line drivers and adapted to generate the 
plurality of word line enable signals responsive 
to an upper row address; and is 
a plurality of power supply keeping circuits cou- 
pled to the word line enable signals and adapt- 
ed to coupled the word line enable signals to 
the first power supply responsive to a voltage 
of each word line enable signal; 

wherein the row decoder is adapted to divert 
word line enable signal discharge current to a sec- 
ond power supply responsive to the upper row ad- 
dress during the precharge operation for each word 
line. 

56. A semiconductor memory device according to 
claim 55 wherein the row decoder is adapted to cou- 
ple each word line enable signal to the second pow- 30 
er supply responsive to the upper row address and 
uncouple each word line enable signal from the sec- 
ond power supply responsive to a voltage of each 
word line enable signal. 

35 

57. A semiconductor memory device comprising: 
a word line; 

means for coupling the word line to a first power 
supply during a precharge operation; and 40 
means for diverting current from the word line 
to a second power supply during the precharge 
operation. 

58. A semiconductor memory device according to 45 
claim 57 wherein: 

the word line is a main word line; and 
the means for diverting current from the word 
line to the second power supply comprises a 50 
drive stage. 

59. A semiconductor memory device according to 
claim 58 wherein the means for coupling the word 
line to the first power supply comprises a power 55 
supply keeping circuit. 

60. A semiconductor memory device according to 



claim 57 wherein: 

the word line is a sub-word line; and 

the means for diverting current from the word 

line to the second power supply comprises: 

a sub-word line driver circuit coupled to the 
sub-word line, and 

a conjunction circuit coupled to the sub- 
word line driver circuit and adapted to cou- 
ple the sub-word line to the second power 
supply during the precharge operation and 
uncouple the sub-word line from the sec- 
ond power supply after substantial dis- 
charge current has been diverted to the 
second power supply. 

61 . A semiconductor memory device comprising: 



wherein the means for generating the PX sig- 
nal is adapted to divert current from the sub-word 
line to a second power supply during the precharge 
operation. 

62. A semiconductor memory device according to 
claim 61 wherein the means for coupling the word 
line enable signal to a first power supply comprises 
a power supply keeping circuit. 

63. A semiconductor memory device according to 
claim 61 wherein the means for generating the word 
line enable signal is adapted to divert word line en- 
able signal discharge current to the second power 
supply during a precharge operation. 

64. A semiconductor memory device according to 
claim 61 wherein the means for driving the sub- 
word line is adapted to couple the sub-word line to 
the first power supply during a precharge operation. 

66. A semiconductor memory device comprising: 

a sub-word line; 

means for driving the sub-word line responsive 
to a PX signal and a word line enable signal; 
means for generating the PX signal responsive 
to a lower row address; and 



20 a sub-word line; 

means for driving the sub-word line responsive 
to a PX signal and a word line enable signal; 
means for generating the PX signal responsive 
to a lower row address; 
25 means for generating the word line enable sig- 

nal responsive to an upper row address; and 
means for coupling the word line enable signal 
to a first power supply during a precharge op- 
eration; 



11 



21 EP 1 255 254 A2 

means for generating the word line enable sig- 
nal responsive to an upper row address; 

wherein the means for driving the sub-word 
line is adapted to couple the sub-word line to a first 5 
power supply during a precharge operation; and 

wherein the means for generating the PX sig- 
nal is adapted to divert current from the sub-word 
line to a second power supply during the precharge 
operation. 10 

67. A semiconductor memory device according to 
claim 66 wherein the means for generating the word 
line enable signal is adapted to couple the word line 
enable signal to the first power supply during a pre- is 
charge operation. 

68. A semiconductor memory device according to 
claim 66 wherein the means for generating the word 
line enable signal is adapted to divert word line en- 20 
able signal discharge current to the second power 
supply during a precharge operation. 
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